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) The maximum pmmny'oi' nostoalim, as dahninod during
elongation, consists, as is well known, of 2 aubetantully different
components: (a) unix'orn doromuon which’ denlopn up to ‘the nomant

when the strot.ching_ Torce attaine its maximus value and is charsc-

terised by a relatively’ c\’mi‘form distribution along the length uf

the specimen being at;tchod and (b) concentrated deformation uhich |
bocon.;n lognnudjlfuf' the :tr-tching force passes through a
m on a compiratively snall section of the langth of the
specimen. 7 i ‘ ' |

o

s o o o]

' 1t'was shown in the work (1) that th. value o.t‘ the meximum
dotomt:lou during atretch depends :ub-tantially on thc state and

" churacteristics of the metal and determines its capecity for .
~:l.ut,cuni\u physical -trength.ning and alsc charscterizes the extent

of cold hardening. “On the basis of this, the conclusion was -
mindatummwotmingmnlmo:m

-nxhlun ndform dc.fomu.on during mechazical tuta.

[} ° e’
o o

143 indicated nmlu of t.h- work (1) were utinud mceou-

'nmm'ummuummmm-uhummm- |

of =iro . of hlgh-m mtl (2). Mﬂnr innauntionl
hm show . thntmton]yth.nnnonbxt motho oomntrlhd
component. of the dotomtion ronocu certain upoof.u ot the pw
state of ths alloys. S R q ?“?;, '

o . : el e

Sanitized Copy Approved for Release 2011/06/04 : CIA-RDP81-00280R001300190001-8



Sanitized Cdpy Abprbved for Release 2011/06/04 : CIA-RDP81-00280R001300190001-8

Below are given experimental data which prove this and
. which indicate the expediency of individual examinstion of the

it - . b ™ . -
BRNWS e slimenllated Gusin_ i

. 1ot us exsmine the iniluence of carbon on the plasticity of
: lh.l.

Figure 1 shows ourves which illustrate the nature of the
change in ths uniform and concentrated deformation as a function
of the carbon content in the stesl subjected to quenching and
subsequent l.S~hour tempering at 600° C. The quenched and highe
ulpind carbon steel represents a 2-phase system -- a conglomerate
of small crystals of o iron and small crystals of cementite dis-
'_ﬁr_imtodinthtiron. It can be assumed that for the same temper-
-ing tanperature, the X iron in steels of different carbon content
1s in the ssme mechanicsl state. This is confirmed by the data of
Kurdyumov and Oslon (3) which indicate a constant value of the

D strains of second order in steels of different carbon content
i " which were tempersd after quenching at the sane temperature. Thus
an increase in the carbon content in the test apecimens (Figuie 1)
can lead only to an increass in the smount of the carbide phase in
_ the conglome>ate &Mo,c.

- 'Returning to Figure 1, one can becoms convinced that an
increase in the amcunt of csrbtides in the steel does not influence
tl- vdm of the uniform deformatiom but decresses substantially
Ahe ooncentrated component of the deformaticn, which is determined

_during stretch.
A sindlar relationship between the bshavior lot the uniforwm

and concentated deformation takes place also at other temperatures
of tempering within the interval of 40O-680° c.

-2-
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point, o, of he relstively concentrated narrowing m,nnd
" of the true resistsnce to dueotils rupture Bkv:.th‘inoromn.

_oarbon content in steels quenched and tempered at 600° C. As
‘can be sean from the diagram, the resistence of the stesls to
plutto deformation increases with increasing oarbon content up
to 0.45%, after which it decreases somswhat. Such a nature of

:. change in the yleld point is directly related with the qunht.iu-
uw]i moasursbls characteristics of the carbids phase (h); |
-I% follows from Figure 2 that for different carbon contents in
stesls treated under the same conditions it is possible to obtain
-the same yield point.

By taking advantage of this peculisrity of the influence of
carbon, we selected specimens (with 0.380% C, tempersd after quench-
ing at 670° for 15 hours and specimens with 0.81% C,. ulpond also

-at 670°, tat for B.hﬂ_urs only) in such a mamner that the deformation
” ytressvs during the testing of medium and high-carbon steels’ prasti-
V'cnlh' coincided. The difference tetween the tested steels was ex- |

_ 'Minthomntotdhmncarbtdnoonuimdmm The
. dittmnu in the bshavior of the specimsns during m-un vas
: dxpl'.lnd by the fact that the dofomtion curve of tll lp.ciunl
-mminiuawwmummwmmmo“mmr
due 10 untimely destruction (Fign3). In order to determine the .
.omnm of the influence ort.h.dupu'umbulu on the plutid.v
ottbstul,nlhsllnmwlimmh.

Figure 4 shows the deformation curwes obtainsd by Pavlov and

mmwmmmotm-mmchmmmm
‘~mdulpondat500°c¢ndvhuhhldnddidnothnnumwopio

‘cruharhrmmm(ﬂ ymhmh,t&w
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' ot the pmtio ﬂow of the 2 types of apcch-nn coingide oat.iroly.
: The 1nt1uoncc of the microcracks is nidcncnd only by ths fact.
‘that the detomuon curve of the specimens with licrocraclu hruh

off uruor due to the untimely destruction by cutting At tnpor—

:|.n. temperatures which give ductile destruction the existence of )

_ defects in the crystal lsttice in the form of nicroacopio cracks

" was ‘evidenced only in a decrease of the maximum deformation which -
\uu uttained at the moment of destructdion.

o By comparing Figures 3 and L 1t can be scen that .the inﬂuonce
s ot the carbides is similar to the influence of defects in the crystal
) lattd.oo which existed in the steel prior to the atu't of the teating

" ) Tho d:l.apcrud carbides included in the > phase favor appmnﬂy
) the devclupunt of defects in the latter which lead to6 the ductile
dq_stmquon at more esrly stages of the plastic flow. The mechanism
5!- such action of the carbides is as yet not clear. It is possible
.that suth a wechanism is related to the redoubling in-the uniformity
of the plastic flow. The results of the microscopic investigation
~of t.ho destruction sone of ruptured specimens are in accord with
' this assumption. The destruction, as a rule, ocours and pa'o;:ndl
along thn ferrite, rounding the carbide; only in rare cases does
::lt put along the boundary of division betwesn the phases.

ok . Xt follows from Figure 2 hat the relative narrowing with
:annuing carbon comntution in the stesls chnngu rcgardlou
of the change in obher charscterissics, 1nclud:ln¢ also the re-
lhunco to plastisc dotomunn. The dats shown in Mgures 5, 6,
and 7 also serve as confirmation of this.

- h -
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Figure 5 shows & curve of the yield point of the 2-phase

qﬁﬁ-’uhﬁ as a function of the paramster Ve = 1-(C/6.68) ,
1.5

()
where N and D are the amount of carbides per unit volume and their

diamster, respsctively ().

The attempt %0 establish a correlation between the concens;
mmmmmmwmhrvfo&dhmhh
fatlure; this is indicated by Figure 6.

A: satisfactory correlation was obtained bqwoon the conoen-
trated nerrowing and the other paramster vhich is a funsiion of
the diameter and the total surface of the carbides (Figure 7),

| 2/3 -
Pegd .
This difference indicates the lack of a relaticnship between
| th-ntronxth.ninglotionotthourbuumlthl-motﬂn
' m.moftbcmsontbpmuutyotthosholo

Figure 1 shows data which indicate no influence of the
carbides on the value of the unifora deformation of the tempersd
steel.

mmmmmwmuwmmuml
of LO0-580° C, ths uniform deformation increases sharply. 'The

m in unifars deformation during tempering is determined by
-the charsctaristics of ths * phase and chsracterises the extant of
- gold hardenatdlity of the small crystals of ™ iren (2).

As is well known (6), during quenching, alloy iron undergoes
strengthening -~ cold hardening of the small crystals of . iron
dus to the deformation of the crystal lattice of the alloy as a
result of the spatial changes cduring the polymorphic tranafor-
mation . -y .

- f -
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During the process of tempering quenched specimens, thn
mm.mqw-mn-uumwpmmw&nﬁon ’
drops and the plasticity rises. :

Figure 8 shows the curves of the change in the true
~ characteristics of the unifora and concentrated deformation id.th
an lincuuo in the duration of tempering at 680° ¢ of quoiaghod '
specimens of the slloy Fe+lX Cr+i% N1+0.02% C. |

AS can be seon from Figurs 8, the value of the true concen-
. trated deformation incresses as the duration of temperirg the
quo.nch'-d alloy inoreases up to one hour. With a further increase
in ‘the duration of teapering up to 15 hours, the value of the
concentrated deformation decreases. For this same time interval,
from 0 to 15 hours, the value of the true uniform deformation
increases contimually.

The increase in the uniform deformation during the tempering
process is related, spparently, with the liquidation of the
structural aftereffects of the cold hardening. The drop in y gong
during prolonged tempering can be the result of only the growth of
the small orystals of the J‘\n:on.

The tempering of quenched specimens exerts a similar action
on the change of resistance to rupture. Figure 9 shows a curve
of the change in resistance %o rupture smp of the alloy Fe+8%
w.meuamnnummmaﬂmo{womm
specimens. (The notched specimens with a diameter at the notch
of 1.4 am vere tested by stretching in a medium of liquid nitrogen
by using she Shevensr micromachine with optical recording of the

stretch diagram.)
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_ - It follows from Figure § that the resistance of the allay
%0 rupture increases as the tempering temperaturs increases to
300-4,00° C and drops during tempering st temperatures above 500° C.

| By comparing all possible processes taking place in quenched
specimens of alloy iron during tempering within thc interval of
500-675° C, the drop in the resistance of the alloy to rupture as -
the tempuring temparature increases above 5S00° C can be accounted
for by an increass in the dimensions of the small crystals of the

iron. A similar regularity in the change of the resistance to
rupture during the tempering of carbon steels was obtained by
Bokshteyn (7).

Thus the study of the change in the valus of the conoens:
trated deformation (Figure 8) makes it possible to obtain additional
information about the processes which take place in alloys during
heat treatment. 0On the curve showing the complete change in the
plasticity of the alloy, the uniform and oqm.ntrauél, deforme.ilon, '
which Mo in opposits directions, level off the action of sach
other. '

It wvas established in works (8, 9) that considersble internal
strains occur during the quenching of alloy iron and stesl. It can
be assumed that, at the moment of completion of the phase transfor-
mation, the system will not be in a state of equilibtrium. Under
the influence of the strains which had just been tonoq but which
did not yet becoms balanced -~ which in individual microvolumes

exceed the elastic limit of the products of transformation -- t.hnu
will take place 2 rearrangemsnt of the lattice which will lead to
resorption, in the first place, of the local strains shich are
distrituted, most likely, along the boundsries of the grains.

-7-
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T cpedasloal .. ¢ wm.-h-ﬁm" N
e Migh ser .. vily %0 etuc. ~o changes ia alleys.

Figure 10 shows the eurves of the change in the basio
mschanisal charesteristies of alloy irem comtaining 8% Cr amd
0,088 C, obtained durisg stretoh, 88 & function of the period of
wolding the quenched specimens at room temperature (10).

n:mm-mmoummmm;m'ma
the yisld polmt and af the umiform deformetion doss nod depend on
the lsngth of the holding period after quenching. The values of
the concentrated narrowing asr’ of the true resistance o rupture
Sx inoreasse atrongly. The inwestigation of the problem has led
to the conclusion (10) that tw most probabls ceuse for Ahe sharp
decrease 1n . gono sud 8, as & result of the quenching and of their
growth during subssquent relsxation are to be considered the non-
uniform internal strains which attain the maximua valus nn the ends
of the graiae. ?Mwmimwhlm'mmmhwh
dafects of the crystalline lattise, from which originel crecks
develop during the proocess of plastic Mmﬁnnm which lead
tothounu-hdutruomnotﬂpmoo .

The relaxaticon of momniform local strains whisch take place
at room temperature with time lsads %0 the liquidation of the indi-
uma:omm.uamn.umm.mdmmx
valus Of (gong 8nd 8y, Withous, at the ssme iims, influencing the
axtent of strengthening.

Expezizants which were carried out with carbone-fres iron alloy

vere repesated with curbon steel containing 0.17% C. 3harply quenched
specimens oi" rarbon rteel sufforad brittls destruction during streteh.

-8-
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mmummd-mtomptmimmdm
mummuummmmmmwn;mmm

' quanoning, aa this follova from Figure 11 ‘Tius the date on
ruu-nmo oontinth.viwubmttbomnu of Mom

in the lattics during quenchiig and their lquidstion with vime

hy the relaxation proouuo. _The 1@1«0«! defects decreass s . )
. vilus of the concentrated narrowing of the sllay during streteh
Mdomtmrtwinnnmonthoulmotthmm-
‘tribution and of the resistince to plaatic deformation. L

>
© -

3]

Cormideration of the results

Q

The following powmritiu S.nott:o b.lwd.or of . the chluc-
Jteristics of uniform nnd concentrated dd’mation: durinc the
mﬂm of dutmnt factors nhhd with the . composition and
plvpical state of the cnm ducr? utt.qnu.on.

o’ o
(o3

1. The uniform and concentrated defdrmations vary frequent-

Q
0
o

1y, independently of errh other; this indicates s different ptorsdcal
oomnt aof these chnucs-mua (Figures 1, 8, nnd 10)

.o o 5 . =
o o

Forcu-phmzwmofm:htuu, which ouuu
"adropln/é mwdth-anqmnMMNbo-
quent growth of Jgang - .18h time 1s directly not related wiih the
wumz.zm,wuhmmm-mm(m'
M) (Pigur.lO)a m.um«mwth-mkotuu-
huouup between the -mngthnnuz action of the carbides and the
mechanisa of. the influence of the carbides on thlpmuciv_og thq
steed (Figures 5-7). ° “ o

hd .
o

-9 =
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72._ The uniform deformation is s characteristis semmitive
t0 cold hardaning; the relstive drop in the ocspesity of e msstal
for uniform deformation can be regarded as s msesure wiich charee~
terises the relstive valus of the physicel strengthening soquired

by the metal.

When the atrengthening is attained bty cold hardening, the
value of the uniform deformation varies in accordance with the
change in the yield point (1, 2, 6).

3. 7The concentrated deformation is a charscteristic sensi-
tive to defuocts in the orystallins lattice. The occurrence of
defects leads to destruction at much earlier stages of the plastic
tlci; the valus of the concentrated deformation tharehy decreases
(Figures 3 and 10).

. Numerous observations show that the pu';uonco of mstallurgical
nnn in the stesl, for examplo, flakiness in high-alloy steesls,
has no influsnce on the uniform deformation but noticeadbly decreases
| the value of the concentrated deformation.

‘ On the basis of the available experimental data it can be

* sssumed that the cowpletion of the plastic deformation with ductile
destruotion during stretch is th= result of not 80 much of an
wormuuunmx-ummnummmmar

- defects in the orystal lattics during the proocess of the very
plastic defarmation which takes place under definite conditions of
OW state.

The development of he defeots at a well-known stage of the

plastic deformation leads to ths formztion of an original orack which
leads %o destruction.

10 -
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Such a pisture is in agreement with sxperimemtal data. IS -
1s well known that the plastic deformation leads to the formstion
ot submicroscopic defects in the crystal lattice (11), loosening
of the lattios, which is evidenced by a gredual drop in the density
of the alloy (12), and the formation of micropares and microcrackss
The works by Rebinder and his associates have shown that, on the

_ basie. of the defeots during the process of plastic deformation,

thare dovelop microssopic slits and crasks (13). Having observed
nicroscopically the mechanism of destruction during plastic twist-
ing, Yakutovich and Rybalko (1) have discovered that, starting
\d.tha certain moment, the deformation becomes localised in a narrow

 sone in which the metal becomis 100se; microvoids are formed which
change into macrovoids snd then blend into & common crack which
leads to fracturs.

Fridman and Zilova observed the formation of cracks during
twisting, at mich earlier stages prior to the localisation of the
 deformation (15).

Conditions axist which favor the development of the indicated
dafects during the proosss of plastioc deformetion and which lesd,
uaruultotthh, to & much earlier destruction. Such conditions

| unbo created for axsmple by a considerable momuiformity of the

 plastic flow, which 1s most probeble in hetercphase slloys; by &

" change in the strained state, which is determined by the relation-
ahipof}bmﬁumlmwmj Iv_th-ptucm.
xduonmmrnmummum and finally, by ths pres..ce
" of dangerous dsfects even prior to the start of the plastic defor-
ﬁuon, A classic example of such an influende of obvicus defects
present mmnm'lm‘u»up deformation is Figure k.

-n-
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e fasters wkish emse the wnbimely destruction in many

€8000 exart influence only oo the change in the value of the conosne
treted flow and do not exsrt influence on the valus of the uniform
deformation. This mskes it possible 10 assume that, on the section
of t\he oconoentrated daformstion, there develops primarily & re-
arrangement of the stoms which leads $0 the development of defects
in the erystal lattioe.

mw,ummmmno:mnm, its
structure, or the conditions of heat trsatmsnt .m varied in a
regular manner, then the change in the uniform deformation will,
as a first approximation, indicate that oold hardening of the
crystal lattice has taken place; however, a decrease in the value
of the ooncentrated deformstion will indicate either the occurrence
of defects in the orystal lattice or the formation of cdndiuon-
which favor their more sarly development during the process of
plastic deformation.

From &ll that was sald above it follows that during systematic
investigations of the influence of different factors on the physical
state of alloys it is expedient to make a individual examination of
the uniform and oonocentrated componsents of the deformation.
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Figure Li. Curves of dafcvmation by twisting specimens of 60C? stael
quonched and tempered at S000C and which did not have micropores

after quenching
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Figure 5. Relationslip batween yield and effective volume of V. for
steels coataining globular carbidaes; 1, sorbite and globular perlite

after quenci.ing and temperinr; 2, spheroidized perlite
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Figure 10. Dopen;:l-anc-o 6!‘ ch;ract.ex"istics (yield point g [sic], true
resistance to rupture 5., uniform “'unif and concentrated "conc
narrowing ‘of quenched s-ecinens of ferrochrome) on the du;'ation‘ of
holdinv,. at room temperature from the moment of the quo,nchiné of the
specimens to the start of their testing by twisting. Each pnint of

tre diagram i3 the average of L-6 tests
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Fisure 11. Dep-..dence of resistance to rupture of quenchad specimens
of éarbon steel with 0.17% C on the duration of holding at room tem-
perature from the moment of the quenching of the specimens to ﬂw

stgrt of their testing by twisting.  Each point..of the ciarram repre-

sonts the average result of 2 to L tests
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